Spin-orbit interactions are subwavelength phenomena which can potentially lead to numerous device related applications in nanophotonics. Here, we report Spin-Hall effect in the forward scattering of Hermite-Gaussian and Gaussian beams from a plasmonic nanowire. Asymmetric scattered radiation distribution was observed for circularly polarized beams. Asymmetry in the scattered radiation distribution changes the sign when the polarization handedness inverts. We found a significant enhancement in the Spin-Hall effect for Hermite-Gaussian beam as compared to Gaussian beam for constant input power. The difference between scattered powers perpendicular to the long axis of the plasmonic nanowire was used to quantify the enhancement. In addition to it, nodal line of HG beam acts as the marker for the Spin-Hall shift. Numerical calculations corroborate experimental observations and suggest that the Spin flow component of Poynting vector associated with the circular polarization is responsible for the Spin-Hall effect and its enhancement. Angular momentum is an inherent property of electromagnetic fields. Rotating electric field vector of the oscillating transverse electric field gives rise to Spin angular momentum (SAM), and azimuthal phase gradient is responsible for the Orbital angular momentum (OAM). These two quantities are intrinsic in nature. In addition to it, there is an extrinsic OAM due to trajectory of the centroid of light beam. Thus, circular polarization, helical phase front and the trajectory of the light are associated with SAM, intrinsic-OAM and extrinsic-OAM respectively [1, 2] . In free space propagation, these three forms of AM are independent and conserved. However, because of Spin-orbit coupling, interconversion between different forms of AM is possible.
Hall or orbital-Hall) and also known as optical Magnus effect [6] . This effect is observed in beam reflection or refraction [7, 8] , propagation through medium [9] [10] [11] or metamaterial [12] and scattering [13] [14] [15] . Spin-orbit effects cover a wide class of electromagnetic phenomena such as focusing, reflection, scattering, light propagation and light-matter interactions. Therefore, spin-orbit coupling can be utilized in emerging photonic applications for the generation of structured light, enhanced optical manipulation and controlling optical wave propagation [16] .
In this letter, we report preferential radiation direction (preferential scattering) governed by the handedness of circular polarization in the forward scattering of structured light from a plasmonic nanowire as a manifestation of the Spin-Hall effect. In the past, manifestation of spin-orbit coupling is reported in scattering of Gaussian beam from a spherically symmetric particle [13, [17] [18] [19] except for a few reports on the use of structured light or aspherical geometry [14, 20, 21] . These effects are weak and one of the important aspects is to enhance them in terms of Spin-Hall shift (separation of orthogonal circular polarization) and signal strength (intensity of orthogonal circular polarization analogous to Hall voltage). General consideration is on the enhancement of Spin-Hall shift [22, 23] . Plasmonic structures have been proposed as potential candidate for the enhancement of Spin-Hall signal [24, 25] . It is also reported that structured-light matter interaction enhances the optical manipulation [16] .
Motivated by this, we use a combination of structured light and a plasmonic nanowire to enhance the Spin-Hall effect. We found that there is significant enhancement in the Spin-Hall signal for Hermite-Gaussian beam over Gaussian beam. The additional advantage of using Hermite-Gaussian beam is that, nodal line acts as the marker of the Spin-Hall shift, i.e. respective orthogonal circular polarization can be found on either side of nodal line. Experimental observation of the spin-Hall effect was realized using the schematic as shown in Fig. 1 . Single-crystalline Ag-nanowires were chemically prepared using a standard protocol [26, 27] and drop casted on the glass substrate. Gaussian mode (G) at wavelength 632.8 nm from He-Ne laser was projected on to the spatial light modulator (SLM) with blazed hologram to generate Hermite-Gaussian (HG 10 ) beam [28] . Here sub-indices give the number of nodal planes in -and -directions respectively. Polarization of generated beam was controlled using a combination of a polarizer and a waveplate (half or quarter).
The polarized beam was focused at the center of the nanowire of diameter ~350nm and few microns in length using an objective lens of 0.5 NA ( Fig. 1(a) ). The forward scattered light from nanowire was collected using an oil immersion objective lens (1.49 NA). Back focal plane of the collection objective lens was imaged on charged coupled device (CCD) using relay optics (not shown) [29] for Fourier plane (FP) imaging of scattered light ( Fig. 1(b) ). 
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In order to support our experimental results, we carried out the COMSOL Multiphysics 5.1 simulations to calculate the near-field electric field and near-to-far-field transformations were computed by utilizing reciprocity arguments [33] . Ag-nanowire with pentagonal cross-section of diameter 350 and 5 in length was used in simulations. The wire was placed on glass substrate with refractive index 1.52 and surrounded by air of refractive index 1. Wavelength dependent refractive index of silver was obtained from [34] . Polarized Hermite-Gauss or Gaussian beam of wavelength 633 was focused on to the nanowire-glass interface. The simulation area was meshed with free tetrahedral mesh of minimum element size 10nm and terminated using scattering boundary condition to avoid spurious reflections from the boundaries. Fig. 4 shows the simulation configuration and near-field total Poynting vector in -plane at = 0.1 for LCP HG-beam, where black arrows represent the total Poynting vector flow in the plane.
Figure 3. Enhancement of Spin-Hall effect. Difference of power scattered perpendicular to long axis of nanowire, P_+ (k_x )-P_-(k_x). Top (a) and bottom (b) graphs respectively are the experimental and simulation results for Hermite-Gaussian (HG_LCP (green) and HG_RCP (red)) and Gaussian beams (G_LCP (blue) and G_RCP (violet)).
Poynting vector gives the measure of energy flow in optical fields. Total energy flow can be decomposed into 'spin flow' and 'orbital flow' for paraxial fields [31] as well as for nonparaxial fields [32] . For a LCP HG-beam, the calculated spin flow (∇ × ( ⃗ * × ⃗ )) is shown in Fig. 4(a) . It clearly shows two azimuthally asymmetric spin flow vortices having center coinciding with maximum intensity points (±0.5 ) of two lobes of HG-beam. The spin flow is proportional to the transverse gradient of the intensity. Therefore, we chose a -plane at = 0.1 (near maximum spin flow) to demonstrate the effect of spin flow in near-and far-field shown in simulation configuration (Fig. 4) . Because of net circulating spin flow in the direction of scattered power along − wavevectors, the total energy flow (shown by black arrows in near field in yz plane at = 0.1 ) makes an angle with respect to normal (z-axis) to wire which is possibly giving rise to net energy flow in the − direction in the scattered far-field. Total energy flow will be reversed for yz plane at = −0.1 because of opposite spin flow. Hence in the far-field we found a net energy flow (preferential scattering power) in + (− ) direction for < 0( > 0) as shown by black arrows in Fig. 4(b) . Similar explanation holds for RCP HG-beam and the corresponding figures are shown Fig. 4 (e)-(f).
For linearly polarized (perpendicular to the wire) HG-beam there will not be any spin flow, therefore far-field is symmetric with respect to -axis without any preferential scattering.
Figure 4. Simulation configuration and results for HG-beam. (a) and (e) are the spin flow for the LCP and RCP HG-beams. Zoomed in view of center of figure (e) shows zero spin flow along nodal line. Arrows show the local spin flow directions and the background is its magnitude. (b) and (f) are the corresponding scattered far-field respectively. (d) Scattered far-field of HG-beam linearly polarized. Black arrows and white
circles in far-field shows the preferential scattering direction and NA value of 1 respectively.
In contrast to HG-beam, scattered far-field of Gaussian beam has only one intensity lobe instead of two in FP image [35] , because of absence of intensity minimum due to no nodal line at center of the beam. Spin flow for LCP and RCP Gaussian beam is given in Fig. 5 in FP image gets weakly rotated in the direction of the handedness of spin flow. Similar kind of energy shift is theoretically reported in the diffraction of circularly polarized Gaussian beam [21] . In addition, directional scattering of circularly polarized light from plasmonic and dielectric scatterers is also reported in [36] [37] [38] . immense potential for spin-controlled nanophotonic devices [12, 39, 40] . This study may find direct application in enhancement of Valley-Hall effect [41] and secondary emission [24] .
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